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Abstract 
The broadening and optical parameters of TiO2/SiO2 transition layers depending on the ion 
energy have been investigated using the Rutherford Backscattering Spectrometry (RBS) and 
Ellipstrometry Spectroscopy (ES) methods. The TiO2/SiO2 samples were irradiated by Xe
+ ions 
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with energies of 100, 150, 200 and 250 keV. The depth profiles of the elements determined by the 
RBS spectra show the structure and thickness of the TiO2/SiO2 transition layers before and after 
implantation. We have found that the thickness of the transition region between the TiO2 and SiO2 
layers increases with the increasing incident ion energy. This phenomenon indicates an increasing 
amount of atomic mixing at the TiO2/SiO2 interface. In addition, the variation of transition layers 
could be explained by defect depth profiles and ions energy transferred in the mixed layers by means 
of SRIM calculations. The thickness obtained from the RBS is in good agreement with that measured 
using the ES method. Based on these obtained results, we have also investigated the optical constants 
of implanted and non-implanted TiO2/SiO2 structures. The wave forms measured with varying 
incident angles suggest that the measurements were made close to near the main principle point. The 
yields of and bands vary at different incident angles, is associated with interference 
processes of the light reflected from the structures examined. The refractive index and the extinction 
coefficient were found to increase after implantation taking place up to 200-keV Xe and then decrease 
at 250 keV.  
 
Keywords: Rutherford Backscattering Spectrometry (RBS), Ellipstrometry Spectroscopy (ES), ion 
implantation, optical properties, thin films.  
 
1. Introduction 
It has been well known that structures and properties of many materials are able to be 
modified in a controlled way by applying ion implantation [1]. The process of ion implantation 
gives two main results that is transferring atoms and their energy change into the material. The ion 
beam mixing (IBM) is an important characteristic of this process. The IBM phenomenon is caused 
by the interactions of ions and target atoms at the interface of two adjacent material layers [2]. 
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When the transferred energy exceeds the displacement energy (Ed) of a target atom, this atom is 
displaced from its lattice site to a new location in the neighboring layer. Then, a secondary 
interaction can take place, lead to a collision cascade which results in formation of a mixed area 
between those materials. Applying this mechanism, modification of system properties of system 
properties is possible by ion beam mixing in the ways that are difficult or impossible to achieve 
by conventional methods. IBM became a powerful tool commonly used the formation of stable, 
metastable, amorphous and crystalline phases in the bilayer and multilayer [3,4]. Consequently, it 
is a great importance in material science and technology to seek for deeper understanding of the 
interaction processes through the interfaces and the formation of properties induced by IBM. In 
fact, potential applications and fundamental mechanism of the IBM phenomenon in various 
structures systems, including metal-metal [5,6], metal-silicon [7] and metal- insulator [8] systems, 
have been studied. 
Several advantages such as chemical and thermal stability, low cost, electronic properties 
and long durability make TiO2 the most studied material among different light harvesting materials 
used as photo anodes in the photoelectrochemical (PEC) cells [9,10]. TiO2 also possesses a wide 
range  of applications in the decomposition of organic pollutants, self-cleaning coatings, 
photovoltaics,  biomedical devices, electrochromic display devices and Li-ion batteries [11, 12]. 
However, there are also a few undesired characteristics such as the large band-gap and fast 
recombination of electrons and holes, which lessen the application of TiO2 [13]. Coupling with 
SiO2 is shown as a method that can enhance the TiO2 activity due to the increase in the adsorption 
amount of substrates and the improvement of dispensability in water [14]. On the other hand, 
Fernández et al. reported the electronic support interactions induced by the interfacial Si–O–Ti 
bonds between the TiO2 thin film and the SiO2 substrates [15]. However, the study on the TiO2–
SiO2 system focusing on the interfacial interactions is limited and the essential origin of the 
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coupling effect is not fully understood. This paper presents the results of investigations of Xe 
implantation with different energies into the TiO2/SiO2 bilayers covering on the Si substrates. The 
process of forming mixed layers of the oxide-oxide systems proceeds by means of RBS [16] and 
SE [17] methods. The effects of Xe ions implantation with different energies on broadening of the 
mixed layers, their optical properties and chemical compositions were determined. 
 
2. Experimental 
In this study the TiO2/SiO2 bilayers deposited on the Si substrates were investigated. The 
specimens were irradiated with the Xe+ ions at different energies of 100, 150, 200, 250 keV. The 
radiation was carried out at room temperature with the fixed value of fluence at 3 × 1016 
[atoms/cm2] using the ion implanter UNIMAS at the disposal of Maria Curie-Skłodowska 
University [18]. The elemental depth profiles of the samples were determined using the RBS 
method. The 1.5 MeV He+ ion beam was used with a 0.5 mm beam diameter. It was directed 
towards the samples at the incident angle 600 towards the normal of the sample surface. A 
semiconductor detector with energy resolution about 12.76 keV was positioned at a scattering 
angle of 1700 away from the beam incident direction in order to collect the RBS spectra. The 
elemental composition and the depth distributions were obtained using the SIMNRA code [19]. 
The depth-dependent damage and defect concentration profiles were calculated for understanding 
and explanation of the obtained effects using the Stopping and Range of Ions in Matter (SRIM)-
2008 [20]. The ions distribution, displaced atoms concentration and energy loss of the projectile 
in the transition layers were simulated using the detailed calculations with the full damage cascades 
option. The Xe ions were used due to the fact that they would not form any chemical binding with 
the target atoms during the interactions. Thus only physical structure of the samples was modified. 
For this kind of ion the energy was chosen so that they could interact with the atoms at both above 
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and below the TiO2/SiO2 interface. The projected ranges of the Xe ions in the samples with 
different irradiation energies of 100, 150, 200 and 200 keV are shown in Fig.1. In addition, for the 
experimental analysis of optical properties of TiO2/SiO2 system, the ES measurements were 
performed using the rotating-analyzer ellipsometry (RAE) [14]. The ellipse of the angles Ψ (λ) and 
Δ (λ) was measured with the light wavelength from 250 nm to 1100 nm, with the step of 1 nm at 
the angles of 70.00, 72.00, 74.00, 76.00 78.00 and 80.00. From the spectra of Ψ (λ), Δ (λ) recorded 
after the experiment and calculated using the MAIE method [21], optical constants, thickness of 
layers including the transition area and the content of TiO2 and SiO2 compounds in the layers 
before and after ion implantation were determined. The ES experiments were conducted at the 
Institute of Electron Technology, Lotników, Warsaw, Poland. 
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Fig.1. The projected ranges of the Xe ions in the samples with different energies of 100, 150, 200 
and 200 keV (SRIM calculation). 
 
3. Results and discussion  
3.1. Description of mixing process at the TiO2/SiO2 interface by the RBS method 
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Fig.2 shows the typical RBS spectra collected from the samples implanted with Xe+ ions at 
different energies. The spectra reveal the energy of backscattered ions versus their yield. In which 
a RBS spectrum shows overlapping of the Gaussian peaks that indicates the sum of near-surface 
layers thickness. During the ions collision with the near-surface atoms they could be backscattered 
with the same energy and collected around the same channel. The signal near such a channel 
associated with the kinematic borders (high energy edges) and indicated by the vertical arrows. 
Kinematic borders are spread only by the sputtering effect or by the resolution of the RBS detector. 
The inclined arrows in the figure indicate the borders that refer to the ions backscattered on the 
atoms in the subsurface layers. These borders could be shifted by changing the incident angle of 
the ion beam. Moreover, the back borders (low energy edges) could be shifted due to the 
contribution of the energy straggling, layers thickness and detector resolution. The width of the 
peaks or bands confined by the front and back borders is associated with the film thickness. There 
are several notable features from the spectra that deserve further attention. The band at the energy 
between 370 and 550 keV indicates the alpha particles backscattered from O in both TiO2 and SiO2 
layers. The borders at the energy of 680, 820 and 1080 keV indicate silicon atoms in the SiO2 
layers, Si in the substrates and the Ti atoms in the TiO2 layers, respectively. The presence of Xe 
ions in the samples after irradiation corresponds to the peaks that are the Gaussian distribution at 
the energy around 1270 keV.  Existence of Xe atoms leads to a decrease of O and Si concentrations. 
This effect is associated with a significant decrease of the yield of related to O and Si near the 
energy of 480 and 750 keV, respectively. The spectra reveal a shifting position of the borders with 
the increasing ion energy. Such a shift can be partly attributed to the variation of Xe distribution 
as well as the difference in layer thickness of the implanted structures compared with that of the 
virgin samples.  
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Fig.2. The RBS spectra collected from the samples before and after implantation with Xe+ ions at 
different energies 
 
The typical depth profiles for the elements in the samples implanted with 250-keV Xe+ are 
shown graphically in Fig.3. The structure of TiO2/SiO2/Si with the transition layer between them 
was determined based on the atomic distribution. TiO2 and SiO2 compounds could be distinguished 
due to the atomic concentration of Ti:O and Si:O at ratio of 1:2. The model layers making up the 
samples which were calculated using the SIMNRA code were assumed to be homogeneous. Thus 
the thickness of TiO2 and SiO2 layers was determined to be about 30 nm and 138 nm, respectively.   
For 250-keV Xe+ ions depth profiles were obtained with an accessible depth at around 609 [nm] 
with accuracy of 0.1 [%] for Ti. After the ion irradiation, reduction in the concentration of Si and 
O can be observed at the depth from 60 nm to 80 nm. The silicon atoms amount occupied by Xe+ 
ions increase while those of oxygen atoms decrease with the increasing energy of implanted ions. 
It was found out that mixing of TiO2/SiO2 interface indicated by the intersection of Ti and Si 
concentration lines in the range of 29 and 41 nm. In order to determine a mixing degree of 
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transition layers towards the surface and substrate, changing the thickness of TiO2 layers and 
transition layers as a result of ion beam irradiation was investigated in detail which is discussed 
below. 
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Fig.3. The depth profiles for the elements in the samples implanted with 250-keV Xe+ ions. 
 
The mixing process of the atoms across the TiO2/SiO2 interface is indicated by shifting the 
high energy edges of Si in the SiO2 layers (Fig.4a) and the low energy edges of Ti in the TiO2 
layers (Fig.4b). When the ion energy increases, the low energy edges of Ti shift to the higher 
energy range. This regards decreasing Ti concentration in the tail of TiO2 layers that make 
narrowing of initial TiO2 and lead to broadening of the mixed layers towards the surface. The 
atoms in the mixed area could be also displaced to the SiO2 layers resulting in broadening of the 
mixed layers towards the substrate which is indicated by shifting of the high energy borders of Si. 
Assuming that the mixing amount could be quantified by the edges shifting degree, influence of 
Xe energy on the mixing could be evaluated by determining the variation width of the Gaussian 
Ti peaks for the samples before and after implantation. The edges of Ti atoms were chosen due to 
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great separation of Ti peaks from the Xe, O and Si signals in the RBS spectra. Changing thickness 
of SiO2 layers was not investigated due to the variation at both TiO2/SiO2 and SiO2/Si interfaces 
of these layers.   
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Fig.4. The fragments of RBS spectra for the high energy edge of Si in the SiO2 layers (a) and 
low energy edges of Ti in the TiO2 layers (b) 
 
In the RBS spectra the signals are the sum contributions of the Gaussian distribution peaks 
collected from different thin layers. The peak shapes and positions are changed due to the ion 
energy loss, energy straggling and instrumental resolution. The low energy edges of the Ti spectra 
were determined by fitting the backscattering simulation for an error-function-like concentration 
profile [22]  
 𝑐(𝑥) = {1 − 𝑒𝑟𝑓[(𝑥 − 𝑑)/√2𝜎]} × 𝑐0/2 (1) 
 where: 𝑥 is the location of the interface. In this equation use the spreading standard deviation 𝜎 is 
used as a fitting variance. If we consider ions mixing as a diffusion process, D is the inter-diffusion 
coefficient at the interface and t is the effective time of the mixing process, 𝜎 corresponds to the 
𝐷𝑡 via 𝜎2 = 2𝐷𝑡, 𝜎2 denotes the variance of the profile. The contribution of the ion energy to 
broadening of the mixed layers was deduced by subtracting 𝜎2 of the un-irradiated spectrum 
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𝜎0
2 from the variance 𝜎𝑖𝑟𝑟
2  after irradiation ∆(𝜎2 ) =  𝜎𝑖𝑟𝑟
2 −  𝜎0
2 . Moreover, the standard 
deviation is related to the FWHM of a Gaussian distribution by FWHM = 2.355σ [16], thus 
∆(𝐹𝑊𝐻𝑀2) =  (FWHM)𝑖𝑟𝑟
2  −  (FWHM)0
2 = 2.3552 (𝜎𝑖𝑟𝑟
2 −  𝜎0
2). These analysis shows that 
∆(𝐹𝑊𝐻𝑀2) gives information about the effective diffusion coefficient while ∆𝐹𝑊𝐻𝑀 refers to 
changing the Ti concentration in the tail of the TiO2 layers after implantation.  
With increasing of the implanted ion energy, decreasing FWHM of the peak Ti was found. 
This appropriated to reducing Ti concentration in the tail of TiO2 layers that make the broadening 
of the transition layer towards the surface. Fig.5a shows the variation of ∆𝐹𝑊𝐻𝑀 Ti peaks of the 
RBS spectra collected from the samples before and after implantation with Xe ions as a function 
of the ion energy. The curve reveals clearly the largest decrease of the ∆𝐹𝑊𝐻𝑀 for the case of 250-
keV Xe implantation, followed by 100, 200 and 150 keV. For 100 keV Xe, FWHM  decreases 
(0.8%) more stronger than for 150 kev Xe (0.3%) due to a larger number of ions concentrated near 
the interface producing greater defects. While the 150-keV Xe ion penetrates  more deeply, 
thickness of TiO2 layer is less affecting by collisions and a smaller, less decrease of ∆𝐹𝑊𝐻𝑀  could 
be observed. The peak width decreases more for 200 keV Xe implantation (0.7%), followed by the 
greatest drop for 250 keV (1.6%) due to the strong effects induced by the higher transfer ion 
energy. During the interactions with ions, the atoms in the tail of TiO2 layers are displaced, as a 
result the TiO2 layers are narrowed and leads directly to reduction of defects amount. The number 
of atoms sputtering from TiO2 was assumed to be insignificant. Thus the reducing degree of the 
∆𝐹𝑊𝐻𝑀 could be associated with amount of the displacement atoms and vacancies in the TiO2 
layers (Fig.5b). A high value of defects could be seen for the case 100 Xe due to a short projected 
range of ions which makes them interact near the tail of TiO2 layers. Then the number of defects 
decreases linearly with the increasing of ion energy that could be explained by infiltration of ions 
towards the SiO2 layer. Since the ions produce the defects above and below the TiO2/SiO2 interface 
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in the energy range of [100-250] keV, the thickness of the mixed layers was changed by defects 
found at the front and back borders of the transition layers. Thus the variation of the TiO2 layer 
thickness ∆𝐹𝑊𝐻𝑀 lacks to qualify the mixing amount, the changing thickness of the mixed layers 
compared with the initial transition area must be taken into account. The determination of the 
changes in both the TiO2 and the transition layer thickness could give comparison broadening of 
the transition layer at the upper and lower borders of the TiO2/SiO2 mixed area. 
Fig.5. The variation of ∆FWHM of Ti peaks from the RBS spectra (a) and damages amount in the 
TiO2 layers calculated by SRIM (b) as the function of Xe ion energy. 
The variation in the transition layer thicknesses of TiO2/SiO2 structures before and after the 
ion irradiation were determined using the elemental depth profiles. The relative thickness which 
refers to the degree of changing width of mixed layers was defined from the equation 𝑟𝑡 =
(𝑡𝑖𝑚 − 𝑡𝑣𝑖𝑟) 𝑡𝑣𝑖𝑟⁄ , where 𝑟𝑡 is the relative thickness of the layers, 𝑡𝑣𝑖𝑟 and 𝑡𝑖𝑚 are the thickness of 
the layers in the implanted and non-implanted materials, respectively. The role of the Xe ion 
energy in the mixing process was studied by evaluating 𝑟𝑡 at different energies from 100 to 250 
keV. The 𝑟𝑡 values show to be increase with increasing of energy, this behavior  corresponds with 
variation of the energy transfer to the recoil atoms in the transition layers as shown in the Fig.6a. 
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Growing of the energy to recoil points out that the atoms near interface were transferred by higher 
energy, they were displaced, travelled with the longer distance from the interface then the thicker 
transition layers were caused. In the light of Sigmund’s conclusion that the noticeable increase in 
mixing rates occurs at a fixed depth with increasing energy [23], this effect  could be explained. 
The results indicated a strong broadening of mixed area for 100 keV Xe compare with that of 
virgin sample. The mixing proceeds as the energy increase up to 200 keV, then slowly increase for 
the highest energy of the Xe ion. After implantation, the collision produces displaced atoms at 
mixed area, their concentration depends on the ion beam parameter as well as the target state. The 
mixing degree corresponds to the variation of 𝑟𝑡  thus could be referred to the number of atoms in 
the implanted transition layers.  By means of RBS and SRIM calculation, surface density of the 
atoms and total number of displacements in the transition layers was determined. Fig.6b shows 
variation of these parameters as a function of the ion energy, a similar increasing trend was also 
observed as a consequence of increasing thickness of the transition layers. 
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Fig.6. The variation of relative thickness versus energy to recoil (a) and increasing the surface 
density and displacements versus of ion energy (b). 
 
This effect could be interpreted by the increasing in the distance of the ions from the interface 
of TiO2/SiO2 when the ion energy grown. For 100-keV Xe
+, the projected range (the peak ion 
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concentration) is determined to be around 28.7 nm (Table 1) near the interface, where the ions 
interact, slow down and stops by transferring all of the energy to the atoms. For higher energy, the 
projected ranges increase which lead to reducing the number of interacting ions in the mixed layers, 
makes decreasing the intensity of atomic displacement in this region. In the energy range between 
100 and 250 keV, electronic stopping which is caused by the interaction between the incoming ion 
and the electrons in the target is dominant. 
 
Table 1. The ion projected ranges and the transport features of the ions in the TiO2/SiO2 transition 
layers. 
Incident 
ion energy 
[keV] 
Projected 
range 
[nm] 
Ions density  
 in mixed layers 
[1021×atoms/cm
3] 
Energy to 
recoil 
[eV/(Å*ion)
] 
Energy loss [eV/(Å*ion)] 
Nuclear Electronic 
0 - 0 0 0 0 
100 28.7 30.6 14.00 3.50 21.68 
150 57.4 15.3 46.09 4.53 53.30 
200 71.7 6.7 77.22 4.34 80.63 
250 90.8 3.1 102.94 3.99 102.53 
 
It was noticed that increasing transition layers is associated with decreasing ∆𝐹𝑊𝐻𝑀 of Ti 
peaks. However, the mixing process occurs in two directions that toward the substrate and the 
samples surface. Based on the depth profiles of elements determined by RBS, the obtained average 
ratio of Si/Ti atoms in the transition layers is 2.4. Moreover, the thickness of the mixed layers after 
irradiation increases 3.1, 3.3, 3.5 and 3.8 times higher than that of the initial transition layers for 
100, 150, 200, 250 keV, respectively. Compared with 0.8%, 0.3%, 0.7% and 1.6% decreasing 
∆𝐹𝑊𝐻𝑀, it could be pointed out that contribution of decreasing FWHM to mixing is not significant, 
in contrast the displacement of the Ti atoms across the interface is predominant contributing to the 
broadening of the mixed layers towards the substrate more than that in the opposite direction. The 
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mixing amount is shown proportional to number of displaced atoms while the ion energy transfer 
to recoil may plays a major role in the degree of extending the mixed area.  
3.2. Ellipsometry results  
 As mentioned above, after implantation the transition layers are broadened at the TiO2/SiO2 
interface. On the basis of the ES measurements, the thickness of the layers including the mixed 
areas of TiO2/SiO2 structures obtained by RBS was confirmed. The MAIE (Multiple-angle-of-
incidence Ellipsometry) method [17] was used for the calculations. There were considered four 
homogeneous layers: the TiO2, the transition, SiO2 layer and Si substrate. The figure below shows 
the model which describes the studied system before ion implantation. It was assumed that the 
interface between the layers is sharp and the layers are uniform. The optical constants of TiO2 and 
SiO2 were taken from the software of the VASE ellipsometer.  
 
Fig.7. The model used in the Ellipsometry calculations. 
The transition layer between TiO2 and SiO2 layers was described as a mixture of TiO2 and 
SiO2 compounds. The EMA (effective medium approximation) model was used in the calculations 
as Eq. (2). The  detailed description of the application of the EMA method and its use in the 
calculations of optical constant material which is a mixture of two different materials can be found 
in [24, 25]. 
 𝑓𝑇𝑖𝑂2
𝜀𝑇𝑖𝑂2 − 𝜀
𝜀𝑇𝑖𝑂2 + 2𝜀
+ (1 − 𝑓𝑇𝑖𝑂2)
𝜀𝑆𝑖𝑂2 − 𝜀
𝜀𝑆𝑖𝑂2 + 2𝜀
= 0 (2) 
3 TiO2 layer 30.8 nm 
2 TiO2/ SiO2  
interface layer 
3.2 nm 
1 SiO2 layer  144.1 nm 
0 Si substrate 1 mm 
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Based on the expression, the concentration of TiO2 in the transition layer was calculated. The 
quantities in the formula mean dielectric function of the transition layer (of the mixture), 𝜀𝑇𝑖𝑂2 
dielectric values of TiO2, and 𝜀𝑆𝑖𝑂2 describe the SiO2, 𝑓𝑇𝑖𝑂2 is the concentration of TiO2 in this 
mixture. The results of calculations made for the material before the ion implantation indicate that 
the transition layer of thickness 3.2 nm ± 0.3 nm contains 61.75 % TiO2. These results are in good 
agreement with the data obtained by the RBS study. The thickness of the transition layers and the 
content of chemical compositions for the samples are shown in Table 2. It was assumed that the 
layers are heterogeneous mixed TiO2 and SiO2. Concentration of SiO2 decreased with the growing 
ion energy, which could be associated with displacement of Ti atoms to the transition layer and a 
slow increase of thicknesses of the layers. The optical parameters of the first transition layers were 
also determined in these calculations.  
Table 2. The concentration of chemical compounds and thickness of transition layers from SE 
obtained from the EMA model. 
Name of samples 
RBS Ellipstrometry spectroscopy 
Thickness of transition 
layers [nm] 
Chemical composition [%] 
SiO2 TiO2 mixture 
Virgin   3.0  3.2 ± 0.3 38.25 61.75 0.00 
Implanted E=100 keV 10.3  10.0 ± 0.3 12.00 9.00 79.00 
Implanted E=150 keV 11.9  10.7 ± 0.3 11.80 9.98 78.22 
Implanted E=200 keV 12.7  11.2 ± 0.3 10.30 10.90 78.80 
Implanted E=250 keV 12.7  12.1± 0.3 8.28 9.99 81.73 
The results of Ellipsometric measurements of the spectra of and for the TiO2/SiO2 
structures are presented in Fig.8. For the non-implanted samples, the local extreme points are found 
in the range 309 nm to 317 nm and 545 nm to 561 nm for the spectra Fig.8a)The other 
changes are observed in the same intervals in the spectra (Fig.8b). The first extreme point 
observes in the spectra around 309 nm is related to the phase change with changing the 
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incidence angle of the light beam. Such waveforms measured at different incidence angles may 
suggest that the measurements are carried out near the main Principle point. This result suggests 
that the accuracy and sensitivity of the measurement with the help of SE method are at the 
maximum here. The band was found in the region from 560 nm to 650 nm, its yields vary with a 
change in the incidence angle and may be associated with the interference processes of light 
reflected from the examined structure. Similar investigations were carried out for the samples after 
ion implantation. The typical spectra collected from the samples implanted with the ions Xe energy 
of 250 keV results are presented in Fig 8.c, d. The value of local bands decreases with the 
increasing angle of incidence at which the spectra are collected. Changing the shape and width of 
the mentioned bands depending on the angle of incidence changes in the length of the path as the 
light beam overcomes during measurement can be explained.  
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Fig.8. Spectra of and  ellipsometric angles measured for the samples before (a, b) and 
after (c, d) ion implantation. The solid lines present the best fit and the dot points are experiment 
results. 
The spectra of the refractive index n and the extinction coefficient k as functions of the 
wavelength determined for the transition layers before and after implantation are presented in the 
figure below. It was observed that the parameters increase with the increasing wavelength up to 
300nm (for n) and 260nm (for k), then decrease for in the remaining range from 300 to 1100nm as 
shown in Fig.9. For the virgin samples, the lowest values of n and k were obtained due to the 
mixing of atoms without ions and the disorders in this area. After implantation the n and k values 
increase in the range of Xe energy from 100 to 200 keV, then decrease for the 250 keV Xe ions. 
During irradiation, the transition layers changed the composition and the concentration of the 
elements as well as defects. This leads to the variation of the n and k values. As shown in the RBS 
results, the thickness of the transition layers increases with the increasing ion energy, indicating 
that the concentration of Xe in the layers grew with broadening of mixed area. As a result, the 
disorders produced by the incident ions increase and lead to the increasing absorption of TiO2-SiO2 
and the possibility of light propagation in the mixed layers. For the highest energy of incident Xe 
ions, the projected range of the ions beyond the interface of TiO2/SiO2, the transition layer is less 
affected by collisions, thus the parameters n and k decrease to the values close to those for the case 
of 100 keV Xe implantation.  
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Fig.9. The typical spectra of the refractive index n (a) and extinction coefficient k (b) for the 
transition layers as functions of the wavelength. 
 
4. Conclusions 
In summary, Xe irradiation influences significantly on the TiO2/SiO2 bilayers for both 
structural and optical properties. The mixing induced by the ion beam at the TiO2 and SiO2 
interfaces is pointed out by shifts of the borders of our measured RBS spectra. The amount of 
mixing which is qualified with FWHM difference of Ti peaks and relative thickness of transition 
layers, shown to be increase with increasing ion energy. These effects could be explained by 
increasing number and the path of the displacement atoms due to the increase the transferred 
energy of the ions in the transition layers. On the other hand, ellipsometric measurements of the 
spectra of and for the material before and after ion implantation show a correlation 
between in the yields of the bands and the angle of incident ion beam. This is associated with the 
interference processes of light reflected from the examined structure. The refractive index n and 
the extinction coefficient k have been found to increase after implantation up to 200 keV then to 
decrease at 250 keV Xe ion. Furthermore, the increasing of the thickness of transition layers 
between the TiO2 and SiO2 materials that has been observed in the ellipsometric measurements are 
in good agreement with the RBS results. 
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